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Abstract

This report presents an overview of the NIST Multizone Modding Website devel oped by the
Building and Fire Research Laboratory of the Nationd Ingtitute of Standards and Technology
(NIST). Multizone modeling refers to the calculation of arflows, pressure differences and
contaminant transport between zones and across the envelope of a building based on a smplified
macro-representation of the building. This website was established to foster the development and
fadilitate the gpplication of multizone ventilation and indoor environmenta modding in the areas
of building design, operation, maintenance, investigation and research. The main component of
this webgte is the multizone airflow and ventilation modeling software CONTAMW. Within this
website you will find software tools for performing multizone andyss, indluding CONTAMW,;
CONTAMW datainput libraries; information on the gpplications of multizone modding,;
multizone modding case sudies; and references to multizone modeling publications.

Key Words: arflow andyds, building technology; computer programs, contaminant dispersd;
indoor air qudity; multizone analyss, smoke control; ventilation; website






Disclaimer

The Department of Commerce makes no warranty, expressed or implied, to users of the software
provided on this website, and accepts no responsbility for its use. Users of the software provided
on this website assume sole responsibility under Federa and State law for determining the
appropriateness of itsuse in any particular gpplication; for any conclusons drawn from the

results of its use; and for any actions taken or not taken as a result of analyses performed using
the software provided on this website.

Users are warned that this software isintended for use only by persons competent in the field of
arflow and contaminant dispersal in buildings and is intended only to supplement the judgment
of the qudified user. The computer programs described in this report are prototype

methodol ogies for computing the airflows and contaminant migration in abuildings. The
caculations are basad upon asmplified mode of the complexity of redl buildings. These
smplifications must be understood and considered by the user.

Certain trade names and company products are mentioned in the text or identified in an
illustration in order to adequatdly specify the equipment used. In no case does such an
identification imply recommendation or endorsement by the Nationd Ingtitute of Standards and
Technology, nor doesit imply that the products are necessarily the best available for the purpose.
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1 Introduction

The god of the NIST Multizone Modeling Website is to foster the development and to facilitate
the application of multizone ventilaion and indoor environmenta modding in the aress of
building design, operation, maintenance, investigation and research. Multizone modeling refersto

the cdculation of arflows, pressure differences and contaminant transport between zones and

across the envelope of a building based on a smplified macro-representation of the

building. Within this webste are software tools (CONTAMW) for performing multizone
andyds, information on the applications of multizone modeing, multizone modding case
studies, and references to multizone modeling publications.

This report presents the first generation of the website. A planned second generation will
enhance the current website by providing more detailed methods of implementing the tools
provided within the website, providing sample project files that demondirate the use of the tools,

increasing the amount of supporting data for the tools (e.g. datalibraries) and the number of case
gudies in the gpplication of multizone modding.

Thefollowing Ste map is an overview of the pages contained within the website & the time of
this publication. The table of contents of this publications reflects the website contents in even

greater detal. The URL for the webgte is http:/Amww.bfrl.nist.gov/IAQanayss.

Home Page

http://www .bfrl.nist.gov/IAQanalysis

Figure 1 — Ste Diagram

Software Applications Case Studies Publications
CONTAMW CONTAMPP Bibliography Available for
Download
Recent Program Download Data User Discussion
Modifications Demo Libraries Manual Group
Envelope Wind Pressure Schedules
Leskage Vaues Coefficients (non-occupant)




2 Multizone Analysis Software

The website provides access to multizone analys's software programs that were developed by
NIST. Software available includess CONTAMW and CONTAMPP. CONTAMW isthe
multizone airflow and contaminant trangport andys's program that is the main tool to be used in
performing multizone analyss. CONTAMPP (CONTAM Post Processor) was designed to
samplify the process of andyzing CONTAM smulation results.

Each program can be downloaded directly from the website for ingtdlation and execution on the
user's computer. Specific ingructions are given on the website for downloading each program.

21 CONTAMW

CONTAMW [Dals, Wdton et d. 2000] is the main feature of the website. This program is the
latest in the series of multizone analysis software developed by NIST. This section of the website
includes pages for downloading the software, alist of recent modifications, an online
demongtration of the mgjor feature of the program, support data, user manual and accessto alist
server dedicated to the use of CONTAMW.

2.1.1 Description

CONTAMW isamultizone indoor air qudity and ventilation analysis computer program
designed to help you predict:

Airflows infiltration, exfiltration, and room-to-room airflowsin building sysems driven by
mechanica means, wind pressures acting on the exterior of the building, and buoyancy effects
induced by the indoor and outdoor ar temperature difference.

Contaminant Concentrations: the dispersal of airborne contaminants transported by these
arflows, trandformed by avariety of processesincluding chemica and radio-chemica reaction,
adsorption and desorption to building materids, filtration, and deposition to building surfaces,
etc.; and generated by avariety of source mechanisms, and/or

Personal exposure: the predictions of exposure of occupants to airborne contaminants for
eventua risk assessment.

CONTAMW can be useful in avariety of gpplications. Its ability to caculate building airflowsis
useful to assess the adequacy of ventilation rates in a building, to determine the variation in
ventilation rates over time and the distribution of ventilation air within a building, and to
estimate the impact of envelope air tightening efforts on infiltration rates. The prediction of
contaminant concentrations can be used to determine the indoor air quality performance of a
building before it is constructed and occupied, to investigate the impacts of various design
decisons relaed to ventilation system design and building materid selection, and to assessthe
indoor ar quaity performance of an existing building. Predicted contaminant concentrations can
a0 be used to edtimate persona exposure based on occupancy patternsin the building being
studied. Exposure estimates can be compared for different assumptions of ventilation rates and
source strengths.



2.1.2 Program Modifications

This page of the webgte providesinformation on the latest updates to the program including
program enhancements and bug fixes. A table of modificationsis presented that providesthe
type, description and date of the modifications.

2.1.3 Demo

This page provides access to an online "demo” of CONTAMW. This demo is an interactive
overview of CONTAMW that was devel oped to show the main features of the program so users
can get an idea of the program'’s capabilities before they download it.

The demo consists of a set of web pages that is controlled using amenu &t the top of the screen
or paging through it sequentialy using buttons provided at the bottom of the screen.

Thefallowing is an outline of the online demo.

Introduction
What is CONTAMW?
User Tasks

Graphical User Interface (GUI)

CONTAMW Projects

Project Files
Building Components

Working with CONTAMW

SketchPad
Drawing walls and ducts
Drawing building components
Defining building components
Viewing results
Viewing wind effects

Airflow Paths

Mechanical Systems
Forced-flow models
Simple air handling systems
Duct systems

Contaminants

Sources and Sinks

Simulations

Simulation Results
SketchPad results
Graphing results



2.1.4 Download

To download the program, users must firgt fill out aregidration form. The minimum amount of
information that must be provided includes a contact name, company name, email address and
type of business. This regidration information is only used for purposes of contacting registered
users of program updates or other special announcements related to multizone modeling. The
information is not kept on computers that are accessble to the public and will not be distributed.

Upon completing this form amessage will be displayed in the current browser window indicated
that the regigtration information has been emailed to NIST, and a new browser window will be
created that contains the actual web page from which the program download file can be obtained.
The download file is an gpproximately two megabyte sdif extracting archive
(CONTAMWEZ.EXE) that is copied to the user's computer. Once downloaded, the user extracts
the ingdlation file by executing the saif extracting archive, placing thefilesin the desired

location within their computer directory structure, and executing the ingalation program
SETUP.EXE. Thefollowing splash screen will appear briefly (Figure 2), and the user smply
follows ingtructions, as they appear, to instal CONTAMW on their computer. The CONTAMW
icon (as depicted in the lower left hand corner of Figure 2) will be added to the Windows®
"Start" menu that will run the program CONTAMW.EXE.

CONTAMW

Version 1.0d

Hational Institute of Standards and Technology
Building and Fire Eesearch Lab

Figure 2 — CONTAMW Installation Splash Screen



2.1.5 Simulation Support Data

Multizone modeling requires a potentially significant amount of detailed datato describe the
building being modeled. This data includes building airtightness and component leskage, duct
components, fans, contaminant source/sink data, wind pressure coefficients and schedules for
various components such as ventilation system airflows and contaminant sources. There are
many sources of this dataincluding published literature, manufacturers data, and building
specific measurements. The support data provided on this website is meant to smplify the use of
CONTAMW by minimizing the amount of information the user isrequired to input into the
CONTAMW program.

The support data on thiswebsite is provided in the form of CONTAMW library files. There are
currently three types of library files available on the webste: airflow dements, non-occupancy
schedules, and wind pressure profiles. Using these pages one can view the contents of each
library online, download individud library files, or Smply download al libraries at

once. Ingructions are provide for copying and utilizing the library fileswith CONTAMW.

The following libraries are currently available. A detailed description of these librariesis
availablein Persly and vy [2001].

Airflow Element Libraries

ASHRAE Table of Residential L eakage Data — Effective |leakage areas presented in Chapter
25 of the ASHRAE Fundamentals Handbook.

Miscellaneous Residential L eakage Data — A collection of resdentid leakage coefficients that
have been used in previous modding studies.

Summary of Commercial and Ingtitutional Building Airtightness Data— A summary of a
database of whole building envelope leakage vaues from the published literature.

Miscellaneous Commercial and Institutional Building Airtightness Data — Leskage values of
commercid and inditutiond buildings primarily from messurements in individua buildings.

Schedule Library

Miscellaneous Schedules — Generic non-occupancy schedules used in previous modding
studies.

Wind Pressure Profile Library

Lowrise Building Wind Pressur e Profiles— Wind pressure profiles for verticd walls of low-
rise buildings having length-to-width ratios of one, two and three.



2.1.6 User Manual

This page provides access to the CONTAMW 1.0 User Manua [Dols and Walton et a. 2000]. A
copy of the manua can be downloaded as a post script definition file (PDF) and viewed using
Adobe Acrobat Reader. A hard copy can be obtained by sending an email message to the Indoor
Air Qudity Group viathe link provided on this page.

2.1.7 List Server

A lig server is a system that maintains and provides access to a set of eectronic discussion
groups. A discussion group has been established on alist server to enable the discussion of
CONTAM related topics. The list server resides on athird party server. Users of CONTAM can
subscribe to the list server viaalink on this page of the website. The list server then sends
subscribers the list of messages as they appear on the server.

Thisweb page provides alink to the third party list server. Following thislink, you will be
leaving NIST servers. NIST does not necessarily endorse the views expressed or the facts
presented on the list server site. Further, NIST does not endorse any commercia products that
may be advertised or available on the list server Site.

22 CONTAMPP

CONTAMPP stands for CONTAM Post Processor. It is asoftware program designed to smplify
the process of andyzing CONTAM smulation results. Specifically, CONTAMPP is used to
caculate totd airflow ratesinto user-sdected zones of a building.

CONTAMPRP enables the user to:

= Cdculaetotd arflow into a user-sdected set of zones

= Cdculate building ar change rates

= Cdculaear entering through flow paths and ducts separately.

= Sdect which type of airflow dements to include when caculating totas. This endbles, the
user, for example, to caculate the amount of air entering aroom through cracks and doors
and exdude air entering though an air-handling system or ducts.

= Cdculate average contaminant concentrations across sl ected zones.
= Paform these cdculation for individud time steps and hourly averages of smulation results.

CONTAMPP can be downloaded via this page. The download file is an gpproximately 100
kilobyte self extracting archive (CONTAMPPZ.EXE) that is copied to the user's computer. Once
downloaded, the user extracts two files by executing the salf extracting archive and placing the
filesin the desired location within their computer directory structure. The two files are the
Windows® program CONTAMPP.EXE and the help file CONTAMPP.CHM.



3 Applications of Multizone Modeling

CONTAMW, and other multizone modeling programs, can be useful in avariety of gpplications
to analyze building airflows, pressure differences and contaminant transport. Its ability to
cdculate building arflowsis useful in assessing building ar change rates, interzond airflow

rates and comparing ventilation strategies. The analyss of pressure rel ationships between
building zonesis particularly useful in andyzing smoke control sysems. The contaminant
trangport smulation capabilities of CONTAMW can be useful for performing indoor air qudity
(IAQ) andlysisincluding IAQ design, contaminant source isolation, |AQ forensics and exposure
andysis. Thefollowing is amore detailed discusson of how CONTAMW can be used for these
goplications.

3.1 Airflow and Ventilation

One of the main reasons that the CONTAM family of programs was cregted was to estimate
building air change rates. Air change rates can be affected by avariety of driving forces
including westher (wind and indoor-outdoor temperature difference) and mechanicd ventilation.
CONTAMW provides the ability to establish fairly sophisticated multizone building geometries
to Imulate the effects of varying the driving forces upon the building and to provide insght into
the interactions of wesather, envelope and air handling systems. Some of the specific types of
gpplicationsto which CONTAMW lendsitsdf related to airflow and ventilation are outlined
below.

3.1.1 Building Air Change Rates

The determination of building ar change rates requires knowledge of airflow into a building both
unintentionally through the envelope and intentionaly by mechanicad ventilation sysems

Airflow into the building through the envelopeistypicaly referred to asinfiltration. The
determination of air infiltration can be useful for avariety of purposes including the estimation

of energy impacts due to building envelope leskage, the effects of weather and the effectiveness
of naturd ventilation systems. Knowing infiltration rates, outdoor westher conditions and
desired indoor conditions, one can then estimate the contribution of infiltration to heating and
cooling loads.

Infiltration andysiswith CONTAMW requires the definition of leskage pathsin the building
envelope that are distributed vertically over each fagade along with the definition of wind
conditions at each facade. CONTAMW provides the ability to define leakage paths usng severa
different models. These models provide the ability to define leakage paths based upon various
physica descriptions of leakage paths such as cracks, orifices and leakage areas. Wind pressure
can be et to be constant or variable for each envel ope penetration.

CONTAMW aso enables the andysis of mechanically induced airflows through the definition of
mechanicd ventilation sysems. These systems affect building air change rates directly and
indirectly. Direct affects include those due to the intake of outdoor ar by an ar handling system.
Indirect affects are less obvious and can include duct leakage and relative zone
pressurization/depressurization. CONTAMW provides three types of mechanica ventilation
induding fixed flow arflow paths ample arr handling sysems and full duct modds. These
systems are described below in more detall.



3.1.2 Ventilation Strategies

Along with the ahility to andyze building air change rates, CONTAMW provides arich set of
tools to analyze different ventilation srategies of a building. Applicationsin this areainclude the
ability to compare the use of different ventilation srategies within agiven building, sze ar
handling systems, and andlyze naturd ventilation systems and other Strategies such as demand
controlled ventilation.

o Comparison of Ventilation Strategies

CONTAMW enablesthe andyds of ventilation systems to determine the impacts on building
arflows, pressure differences, and contaminant concentrations. A given building modd can be
easlly reconfigured to compare different ventilation strategies within a given building geometry.
CONTAMMW provides severd methods of smulating mechanicd ventilation systems including:
forced flow paths, asmple ar handling system, and a duct system. Simple forced airflow paths
can be defined to move air between adjacent zones at afixed rate. For example, a bathroom
exhaud fan or attic ventilation fan can be implemented to move air directly across the building
envelope. The simple air handling system is provided to smplify the amount of data input
relative to defining an entire duct system. This system enables the smulation of an air handler

that can bring in varying amounts of outdoor air and recirculate and exhaust return air. It
provides the ahility to didribute the supply ar to and return ar from any building zone. The duct
system provides the most detailed method of moddling amechanica ventilation system. An
entire duct system can be defined including duct segments, junctions, trangtions, terminds,
dampers and fan performance curves. Each dement of the duct system provides for the definition
of friction losses, duct leakage and dynamic losses.

All of these ventilation systems can be configured to move air at varying rates according to user-
defined schedules. For example, the fraction of outdoor air intake to the smple air handling
system, fan on/off cycles and airflow rates through forced flow e ements can be scheduled to
deliver fractions of maximum user-defined values.

o Sizing Air Handling Systems

CONTAMW can be used to sze ventilation systems including the determination of airflow
requirements to obtain relative pressurization of building zones or determining vertilaion flow
rates for whole house ventilation systems.

While CONTAMW is not aforma fan-szing toadl, it does lend itsdf well to an iterative
gpproach of investigating multiple scenarios of building configuration and fan flow rates. It is
farly sraightforward to establish building geometry and leskage characteristics for agiven
building within CONTAMW. Given required design conditions, e.g. minimunm/maximum
pressure differences between zones, one could use the ventilation system modeling capabilities
to provide different airflow rates until these design conditions are met. Not only can the
ventilation rate and delivery points be varied, but different envelope leskage characteristics can
be investigated as well. Different leakage effects could include the opening and closing of doors
and windows, construction tightness, building components with different leskage characteridtics,
or the use and placement of passive venting elements such as door transoms.

o Designing Natural Ventilation Systems

Some of the fundamenta aspects of designing anaturd ventilation system are the geometry and
orientation of a building and the sizing and placement of airflow paths to take advantage of



prevailing weather conditions. CONTAMW provides the ability to mode a building to account
for these features. While CONTAMW cannot be used to determine the microscopic airflow and
temperature fields within a given zone, it can be used to address the bulk pressure and flow

rel ationships between the zones of a building. This can be quite useful in addressing the
macroscopic design of anaturd ventilation system [Axley 1999].

CONTAMW provides resultsin the form of airflow rates through each airflow (leskage) path
that the user defines for abuilding. Using this feature one can perform smulationsto investigate
the differences in arflow rates obtained by varying different building features and westher
conditions including the sze and placement of ventilation openingsin the building envelope, the
orientation of the building to prevailing wind, the outdoor temperature difference and the size
and location of ventilation stacks.

o Demand Controlled Ventilation

Demand controlled ventilation (DCV) involves the control of ventilation rates based on the
monitoring of occupancy levels. As an dternative to monitoring occupancy levels directly,
carbon dioxide (COy) is monitored since occupants are the dominant indoor source of CO..
CONTAMW can be hdpful in addressing issues related to the design and operation of DCV
systems [Musser 2000]. Given information on sources that might be found within a building,
andysis can be performed to determine what contaminant levels might result based upon
ventilation rates provided by aDCV system. Using CONTAMW, one could perform such an
andyds while accounting for the complex airflows associated with amultizone building. This
andyds could take on various forms. In its Smplest form, one could estimate minimum
ventilation rates by performing Steady state analyses for arange of source srengths that are
likely to be encountered and determine the ventilation rates required to achieve desired
contaminant levels. While this smplified gpproach tends to ignore the time-dependant behavior
of the DCV system and contaminant sources, it can provide a reasonable estimate of aminimum
ventilation rate required to control the contaminant in question. Transent Smulations could aso
be performed to better account for varying airflows, adsorption/desorption of contaminants and
time varying contaminant concentrations.

o Building Flush Out

Anacther concern with DCV or any ventilation system that might minimize or shut off ventilation
during unoccupied hoursis the build up of non-occupant related contaminants during this so-
caled night set back period. CONTAMW can be useful in andlyzing the levels of contaminant
buildup thet would occur under such Stuations and in determining the amount of ventilation
required to purge, or flush out, the contaminants prior to occupancy [Musser 2000].

3.2 Indoor Air Quality Analysis and Contaminant Transport

The prediction of contaminant concentrations can be used to determine theindoor air quality
performance of abuilding beforeiit is constructed and occupied, to investigate the impacts of
various design decisons related to ventilation system design and building materia sdection, and
to assess the indoor ar quality performance of an existing building. Predicted contaminant
concentrations can aso be used to estimate personal exposure based on occupancy patternsin a
building.

As previoudy described, CONTAMW provides the ability to establish amodd of the building
geometry and modify other festures of the building without having to redefine the building



geometry. The features related to contaminant transport include sources, sinks and filtration
sysems. CONTAMW provides severd different contaminant source models that enable the
smulation of various contaminant emitting building materias (e.g. carpet, paint and pressed-
wood products), episodic type sources such as building maintenance activities and even pressure
driven sources (e.g. radon entry through building foundations). Some of the gpplications related
to contaminant dispersa in buildings to which CONTAMW lends itsdlf are presented below.

As the name suggests, another main reason that the CONTAM family of programs was
developed was to provide atool for amplifying the analyss of airborne contaminant transport
within complex, multizone buildings. Contaminant behavior within buildings can be influenced
by a number of factorsincluding airflow, source and sink properties, contaminant filtration by
various building components and chemica reactions. CONTAMW provides for the ability to
address dl of these mechanisms within asingle anaysstool. This comprehensive set of
contaminant analysis feetures makes CONTAMW useful in understanding many contaminant-
related building issues and solving or preventing contaminant related problemsin the built
environmen.

3.2.1 1AQ Design Analysis

Typicdly IAQ is dedt with during design by providing minimum ventilation rates on a space or
whole building level. The prescriptive approach contained in ASHRAE Standard 62-1999
[ASHRAE 1999 provides minimum ventilation requirementsin L/s (cfm) per person or L/sn?
(cfmfft?). The IAQ Procedure in Standard 62 is a performance-based procedure that addresses
designing to maintain acceptable levels of known contaminants. CONTAMW can be usgful in
implementing this gpproach to designing for acceptable IAQ both from the point of view of
ventilation sysem and building meterial impacts. Other features of IAQ design that can be
addressed include the consideration of outdoor air contaminant levels, the potentia use of
contaminant filtration to treat outdoor and recirculated air, congderation of intermittent or
variable occupancy, and didtribution of ventilation air to multiple paces.

o Ventilation System Impacts

Thefirgt approach to IAQ design, referred to above, is the prescriptive Ventilation Rate
Procedurein ASHRAE Standard 62. CONTAMW can be useful in implementing thisdesign
method and analyzing its impact on contaminant levels. CONTAMW can be used to modd the
provision of outdoor air intake rates prescribed by the procedure and to investigate various
agpects of building performance including the andysis of contaminant levels redized from the
existence of various indoor and outdoor contaminant sources.

CONTAMW could aso be useful in andyzing how the building performs when accounting for
the ddivery of ventilation ar to multiple spaces by a common supply ar system. Once

ventilation rates are ca culated according to the "multiple spaces’ method in the standard, the
system flow rates of the CONTAMW mode can be adjusted accordingly to analyze contaminant
trangport behavior under the "adjusted” conditions.

The Vertilation Rate Procedure aso provides for the adjustment of ventilation rates to account
for intermittent or variable occupancy within abuilding. Ventilation rates can be adjusted by
changing damper positions or cycling the ventilation system fans on and off that ddliver air to the
intermittently occupied spaces. The variation in ventilation should be carried out in such away
asto maintain contaminant concentrations within acceptable levels at dl times. The method by

10



which the ventilation rate is varied depends upon the type of contaminant source that is being
controlled, i.e., occupant related or not. The method involves lead or lag times of providing
ventilation air depending on the type of source of the contaminant that is being controlled.
CONTAMW can be used to model the source and develop contaminant profiles. From this
information, ventilation control strategies can be implemented in the CONTAMW building
model in the form of scheduled fan on/off times and system airflow rates. Smulations can be
performed and results reviewed to determine if the ventilation strategy would maintain
contaminant levels according to design requirements.

The second method of designing for IAQ is referred to as the Indoor Air Quality Procedure.
Simply stated, the Indoor Air Qudlity Procedure congsts of identifying known contaminants of
concern, specifying acceptable levels of these contaminants and providing ventilation that
prevents the acceptable levels from being exceeded. CONTAMW can be useful in andyzing
contaminant levels based on contaminant source strengths, design ventilation rates and air
filtration and cleaning system characterigtics that might be implemented in the ventilation system
design. Not only would CONTAMW be useful in verifying ventilation system design, it could
aso provide a means of documenting the design.

o Building Material Impacts

CONTAMW can be used to andyze the IAQ impacts of building materid emissons. Although
desgners might implement "low-emitting” materidsin adesign, it is often difficult to quantify
the effects of usng such materids. CONTAMW enables the andysis of different materials
within a building design on a quantitetive bads.

3.2.2 Contaminant Source Isolation

Contaminant source isolation refers to the prevention of contaminant transport from one zone
having a known source into another. Some examples of contaminant source isolation issues
include parking garages, toilets and radon entry from the soil. These Stuationsinvolve
establishing airflow or pressure differentid's between different zones of a building to control
contaminant migration. The ability to use CONTAMW to define complicated multizone systems
enables the andysis of contaminant trangport not only between zones that are immediately
adjacent to each other, but aso the less obvious transport paths related to eevator and Stair
shafts, service chases and duct leakage.

One example of a CONTAMW source isolation problem is the analysis of radon entry into and
trangport within abuilding. CONTAMW provides a pressure-driven source modd that can be
used to effectively smulate the trangport of radon from the soil into the building through cracks
in a building foundation. Because the source is pressure dependant, the relationship between the
pressure differences associated with different ventilation scenarios, stack and wind induced flows
and radon transport into the building can be andyzed. Further, CONTAMW could then be used
to invedtigate the implementation of various radon mitigetion strategies including fan
pressurization and depressurization techniques.

3.2.3 1AQ Investigations

CONTAMW can be useful ininvestigating IAQ problems as they occur in exiting buildings.
Using CONTAMW one can establish a building geometry and system features and use
CONTAMMW to gain indght into why a building is behaving the way it does. For example, if a
room in abuilding is experiencing elevated contaminant levels from a known source,
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CONTAMW could be used to investigate potentia trangport paths and methods to mitigate the
trangport of the contaminant to occupied zones. CONTAMW analysis can be particularly useful
when coupled with the measurement of relevant parameters such as system airflow rates,
differentid pressure, contaminant concentrations, wind and indoor and outdoor temperatures.
CONTAM has been used as atool to investigate building operating conditions that lead to radon
entry from the soil and to Sze afan system to dleviate the problem.

3.2.4 Exposure Analysis

Exposure andysis refers to the determination of the amount (dose) of a contaminant to which a
building occupant would be subjected within abuilding. This analys's requires knowledge of
contaminant concentration time histories, occupancy patterns within a building and occupant
ingestion rates. CONTAMW provides the ability to caculate contaminant time higtories usng
trangent smulation techniques and to define occupant inhdation rates and occupancy patterns
within abuilding. Together thisinformation can be used to provide average and peak exposure
levels as wdll as average and peak dosages of contaminants of concern.

3.3 Smoke Management

Smoke management is aterm used to describe the methods implemented to passvely or actively
control the movement of smoke within the built environment in the interest of providing safety to
occupants, fire fighters and property. Smoke management methods include compartmentation,
dilution, pressurization, airflow and buoyancy [Klote and Milke 1992]. CONTAMW has been
used to analyze many of these smoke management techniques. It has been used to smulate

smoke movement in multizone facilities, to anayze the performance of smoke control systems
including stairwel pressurization systems and to ad in the performance of tenability (occupant
safety) andyss. Andysis of smoke management requires the congderation of the interaction of

the many different building characterigtics and driving forces that affect smoke movement.

It isimportant to redize that the main strength of CONTAMW liesin its ability to provide the
analyss of different scenarios given an established building geometry, especidly when that
building geometry isfairly complex. CONTAMW isavauable tool that can be very useful in
designing and andyzing smoke management systems. Its use il requires the judgment of a
skilled fire protection engineer familiar with smoke management design techniques such as
outlined by Klote & Milke [1992]. It is aso important that the engineer is aware of the
limitations of CONTAMW in capturing the near-field smoke transport phenomenon such as
buoyancy driven flows due to the heet of the fire [Ferriera 1998].

Thefollowing isabrief description of the different methods thet are currently considered when
designing smoke management systems. These systems can be implemented individualy or in
conjunction with one another.

Compartmentation — Passve compartmentation refers to the use of physica barriersto hinder the
movement of smoke from the fire space into the non-fire spaces. These barriers include walls,
partitions, floors, doors and smoke dampers.

Dilution — Dilution of smoke typically refersto the remova of smoke from non-fire spaces to
maintain acceptable levels of gas or particulates within the non-fire spaces. Asthe nameimplies,
this method rdlies on the provision of make-up air to dilute the smoke or combustion gases that
infiltrate a non-fire space as the air from that space is exhausted.



Pressurization — Pressurization or smoke control refersto the use of mechanica ventilation
systems (fans) to induce pressure differences across barriers having ardaively high resstance to
arflow (i.e. smdl gaps) to control the movement of smoke between compartments. Stairwell and
elevator shaft pressurization and zoned smoke control are typica implementations of the
pressurization method.

Airflow — Smoke control by arflow is very smilar to the pressurization method except that it
typicaly refersto the flow of ar through reatively large openings. This method istypicaly not
implemented in buildings, but more commonly implemented for smoke control in transportation
tunnds.

Buoyancy — Buoyancy refers to the venting of hot (buoyant) combustion gases through fan
powered and passive vents typically located in the celling of large, open spaces such as atriaand
covered shopping mdls.

Following are some of the above gpplications for which CONTAMW can be useful in the design
and andysis of smoke management systems.

3.3.1 Stairwell Pressurization

Stairwell pressurization sysems are typicaly designed to maintain the stairwell a a higher
pressure than the adjacent spacesto prevent infiltration of smoke into the stairwel. Typicaly,
these systems are designed to maintain this pressure difference across closed stairwell doors,
however, congderation is often given to the effects of open doors on this pressure reationship.
The design and andysis of stairwell pressurization systems requires congderation of severd
different features including leakage characterigtics of walls and doors, number and location of
injection fans and compartmentation of stairwels. CONTAMW provides the ability to andyze
these festures by providing a generdized gpproach to defining vertical building configurations,
leakage paths and fan systems.

Stairwell shafts can be defined by creating a series of zones located above one another
interconnected with airflow paths using the stairwell modd provided by CONTAMW. Each of
the stairwell zones can then be connected to any adjacent zones using several leskage models
provided by CONTAMW. These |leakage models include doors, orifices and crack descriptions.
Severd methods of providing airflow to the sairwell are aso available including congtant

volume and mass flow airflow dements, afan performance curve dement, and the smple air
handling unit modd. A duct system can even be implemented to distribute the air to different
levels of the stairwell.

There are saverd features of CONTAMW that are quite useful when andlyzing stairwel |
pressurization systems. The level copy feature of CONTAMW can save alot of time when
defining multiple building levels that are very smilar in layout. This feature engbles the detailed
definition of atypica leve that can then be duplicated and copied above or below any exigting
level. Modifications to the copied levels can then be performed as necessary. User-defined
minimum and maximum pressure (or flow) limits can be associated with airflow paths. If the
gmulation results determine that these limits are exceeded, the flow path will be flagged on the
SketchPad results diplay. Findly, a shaft report can be generated that shows the pressure drop,
arflow rate and direction for two sdlected airflow paths on each floor of averticd sheft ina
graphicd, easy to print report format. These features can be very useful in bringing potentia
aress of concern to the attention of the designer/anays.
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3.3.2 Zoned Smoke Control Systems

Much like stairwell pressurization systems, zoned smoke control requires the andysis of
interzona airflows and pressure differences. CONTAMW provides the ability to establish the
zond geometry required to analyze the pressure and airflow relationships between smoke and
non-smoke zones. The detall used to represent a building can range from very smple
representations of smoke control zones as single-room zones to complex multiroom zones.
Further, CONTAMW provides the ability to establish airflows to or from the required zones.
Again, this can range from the more smple to complex gpproaches of using individua constant
flow fan dements, smple ar handling systems, or establishing a complete duct system. Having
edtablished a building geometry and air handling syslem, CONTAMW can be used to investigate
different fire scenarios and smoke control strategies.

3.3.3 Combined Systems

Some smoke management systems implement combinations of the previously mentioned
methods. For example, stairwell pressurization and zoned smoke control could be implemented
within the same building. This combination of smoke management methods adds aleve of
complexity to the analys's of the smoke management system as awhole due to the potentia
interaction that can take place between the systems. CONTAMW can be quite useful in
managing this complexity and providing indght into the interaction between systems.

3.3.4 Tenability Analysis

Another mgjor aspect in the design of smoke management sysemsis tenability or maintaining
conditions that provide for occupant (or equipment) safety during afire. There are severd
different aspects of tenability including temperature, toxicity of and vighility through smoke.
CONTAMW can be ussful in the andysis of tenability particularly with respect to toxicity and
vishility [Ferriera 1998]. The contaminant analyss features of CONTAMW can be used to
establish smoke-rdaed contaminants from which toxicity and vishility information can be
gleaned.
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4 Case Studies in Multizone Analysis

CONTAM and other multizone modding software are mogtly used in the field of building
ventilation and |AQ research. However, the use of multizone modeling in more practicd
goplicationsisincreasng. Along with building research, multizone modding can be gpplied to
areas of building design and operation. More specificdly, applications include the design and
performance analysis of ventilation, IAQ and smoke management systems.

Thefollowing are brief presentations of case studies of the gpplication of CONTAM, including
projects performed by both researchers and designers.

4.1 Ventilation in Manufactured Houses
[Persily 2000]

The HUD Part 3280, Manufactured Home Construction and Safety Standards [HUD 1994]
contain requirements intended to provide adequate levels of outdoor air ventilation in
manufactured homes. In the implementation of these tandards, questions have arisen regarding
the impact and significance of some of these requirements. Some of these questions relate to the
actud ventilation rates in homes built to the standards and the means of providing supplementa
mechanica ventilation to meet the requirements of the standards. Other questions have arisen as
to how specific ventilation systlem components such as duct leakage, locd exhaust fans and
ventilation inlets affect ventilation rates, air movement patterns, and building pressures. In order
to obtain some insght into these issues, CONTAM was used to smulate a doublewide unit under
severd different ventilation scenarios. These scenarios include envelope infiltration only,
infiltration plus the effects of loca exhaust and forced-fan operation, an outdoor air intake duct
ingtalled on the forced-air return, and whole house exhaust with and without passve inlet vents.
Simulations were performed to predict outdoor air ventilation rates into the house due to
infiltration and mechanicd ventilation, interzone airflow rates between the rooms, building air
pressures, and ventilation ar didribution. Annua simulations were performed in three citiesto
assess ventilation rates and energy consumption associated with these scenarios. The results
show that despite the assumption in the HUD standards that infiltration contributes 0.25 h* to the
total ventilation rate, the predicted infiltration rates are lower than this value for many hours of
the year. The supplementa ventilation sysems investigated in this sudy provide ventilation rates
that meet or exceed the total ventilation requirement of 0.35 ht, but the impacts of such systems
are dependent on their operating schedules. In addition, in these smulations, the impacts of a
whole house exhaust fan are independent of whether thisfan islocated in the main living area or
in a bathroom off the main living area. Also, for the case of ventilation with awhole house
exhaud fan, theincluson of passveinlet ventsis not criticd given the level of envelope
artightness used in these smulations. The results of these smulations are presented and
discussed, and recommendations are made for changes to the HUD standards and for future
research.

4.2  Ventilation, IAQ and Energy Impacts of Residential Mechanical Ventilation
[Persily 1998]

Based on concerns about indoor air quaity and trends towards tighter envel ope congtruction,
there has been increasing interest in mechanica ventilaion in resdentid buildings. A variety of
ventilation approaches have been examined through both field measurements and computer
smulation sudies. This paper reports on asmulation study of indoor ar qudity, ventilation and



energy impacts of severd mechanica ventilation gpproaches in asingle-family resdentid
building. The study focused on afictitious two- story house in Spokane, Washington and
employed the multizone airflow and contaminant dispersa model CONTAM. The modd of the
house included a number of factors related to airflow including exhaust fan and forced-air system
operation, duct leakage and wesather effects, aswell asfactors related to contaminant dispersa
induding adsorption/desorption of water vapor and volatile organic compounds, surface losses of
particles and nitrogen dioxide, outdoor contaminant concentrations, and occupant activities. The
contaminants studied include carbon monoxide, carbon dioxide, nitrogen dioxide, water vapor,
fine and coarse particles, and volatile organic compounds. One-year Smulations were performed
for four different ventilation approaches. a base case of envelope infiltration only, passve inlet
ventsin combination with exhaust fan operation, an outdoor intake duct connected to the forced-
ar system return balanced by exhaust fan operation, and a continuoudy-operated exhaust fan.
Results discussed include whole building air change rates, air distribution within the house,
heeting and cooling loads, contaminants concentrations, and occupant exposure to contaminants.

4.3 Energy Impacts of Infiltration and Ventilation in U.S. Office Buildings
[Emmerich 1995, 1998]

The purpose of this study was to estimate the energy use in commercia buildings due to
infiltration and ventilation arflows and to investigate the potentia for energy savings that could
be redlized by envelope tightening efforts. A set of 25 buildings was used as a representative
sample of the U.S. commercid building stock as of 1995. Buildings were located in cities
throughout the U.S. s0 that a representative sample of climates was aso taken into account.
Leakage characterigtics were assigned to each building based on limited envelope leskage data
that exigt for U.S. office buildings.

Infiltretion airflows were estimated usng CONTAM to account for the effects of weeather and
ventilation system airflows on infiltration. For each building, ardatively smple CONTAM
mode was created that consisted of three zones per floor — one for the main occupied area, one
for the plenum, and one for the elevator and stairwell shafts combined. WY EC (Westher Y ear
for Energy Cdculation) weether data was obtained for each of the cities in which the buildings
were located. A bin method was used to handle the large amount of data involved in the study.
For each building, a set of smulations was performed based on bins of weether and ventilation
arflow data to determine infiltration rates for each bin of data. These infiltration rates were then
used in the form of alookup table dong with thermostat set points and insde-outside
temperature difference (used to determine whether cooling, heating or free-cooling) to caculate
hourly heating and cooling (both sensible and latent) loads atributable to infiltration.

The results of this study estimated that infiltration is responsible for about 15 % of the tota

heeting energy and 4 % of the tota cooling energy for U.S. office buildings. Results dso

indicated that potentia energy savings on the order of 26 % for heating load and 15 % for
cooling load could be redized by tightening building envelopes by 25 % to 50 %. The study dso
revedled the difference in the contribution of infiltration to the heating and cooling load

depending on whether the building was pressurized or depressurized with respect to the outdoors.
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4.4  Modeling of Three Residential IAQ Control Options
[Emmerich 1996]

NIST performed a study of the use of central forced-air heating and cooling system
modifications to control IAQ in residentia buildings. The objective of this effort was to provide
indght into the use of multizone modeling to evaluate such modifications, the potentia of these
modifications to mitigate resdentia 1AQ problems, the pollutant sources they are most likely to
impact, and their potentid limitations of the IAQ control strategies. Another important objective
of the project was to identify issues related to the use of multizone IAQ models and to identify
areas for follow-up work.

CONTAM was used to smulate pollutant concentrations due to a variety of sourcesin eight
buildings with typicad HVAC systems under different weather conditions. Basdine smulations
were performed to determine contaminant levels prior to implementing IAQ contrals, and then
three 1AQ control technologies were incorporated into the house models to determine their
effectivenessin controlling the modeled pollutant sources. The IAQ control technologies
included electrogtatic particulate filtration, hest recovery ventilation, and an outdoor air inteke
damper on the forced-air systlem return.

Simulation results indicated that the system modifications reduced pollutant concentrations in the
houses for some cases. However, the heat recovery ventilator and outdoor air intake damper
increased pollutant concentrations in certain Stuations involving a combination of wesk indoor
sources, high outdoor concentrations, and indoor pollutant removal mechanisms. In cases where
the IAQ controls reduced pollutant concentrations, they led to larger relative reductionsin the
tight houses than in the houses with typicd levels of artightness, though the typical houses Htill

had lower post-control concentrations. The controls had the largest impact on concentrations of a
non-decaying pollutant from a congtant source. Limited system run-time under mild westher was
identified as alimitation of IAQ controls that operate in conjunction with forced-air systems.

45 IAQ Impacts of Particle Air Cleaners in a Single-zone Building
[Emmerich 2000]

This case sudy was an initid phase of an effort to evauate the ability of multizone airflow and
pollutant transport models to predict the impact of resdentia particulate air cleaning devices.
Measurements of the performance of severd particulate air cleaning devices and related particle
trangport parameters were performed in a one-room test house. These measurements were used
to caculate building air change rates, particle deposition rates and penetration factors, and air
cleaner removd efficiencies. Two separate 24 h tests were performed with two of the tested air
cleaners, and the measured air change rates and particle concentrations were compared to
predicted vaues obtained with the CONTAM modd. For both tests, smulated 24 h average air
change rates were within 5 % of measured air change rates and smulated 24 h average particle
concentrations were within 30 % of measurements for al particle Szes. Smulations were dso
performed to predict the impact of the air cleaners compared to atypica furnacefilter.
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46 Radon Transportin Large Buildings
[Fang 1995]

Computer smulations of airflow and radon transport in four large buildings were performed
using CONTAM. The buildings modeed included a twelve-story multi-family resdentia
building, afive-story mechanicdly ventilated office building with an atrium, a seven-story
mechanically ventilated office building with an underground parking garage, and a one-story
mechanicaly ventilated school building. Interzone airflow rates and radon concentrations were
predicted in these buildings as a function of wind speed and direction, indoor-outdoor
temperature difference, and ventilation system operation. Ventilation system factors that were
studied included the operation of exhaust fansin the gpartment building and variationsin the
percent outdoor air intake in the office buildings. Smulations in the office buildings were dso
made with the ventilation systlems off and with variations in the baance of the supply and return
arflow rates.

4.7 1AQ Design
[Musser 2000]

Increased public awvareness and changing industry standards have highlighted the importance of
indoor ar qudity in the building design process. At the same time, many owners would like to
construct buildings that conserve energy and minimize environmenta impact. To accomplish
both of these god's, the designer must be able to understand airflow rates, pressure relationships,
and contaminant transport in buildings. This case study describes the use of a CONTAM to
perform design calculations for anew building on a college campus in the United States. The
building incorporates a number of environmentaly “progressve’ features such as naturd
ventilation, energy recovery, abiological wastewater trestment process, and CO, demand
controlled ventilation. CONTAM was used to Size an exhaust fan for source isolation, select
minimum ventilation quantities to control building related contaminants, and specify procedures
for flushing out contaminants prior to occupancy. CONTAM was aso used to predict trandent
contaminant levels, taking into account westher and associated infiltration. The generdization of
these design and andysis techniques to awider range of indoor ar quality design gpplicationsis
also discussed.

4.8  Air Balance Analysis

[Unpublished]

A multizone modd of alaboratory facility of the Westinghouse Savannah River Company was
developed in order to andyze current operating characteristics of the supply and exhaust
ventilation system and investigate proposed modifications to the ventilation system. The facility
consgts of three buildings comprised of office, laboratory and corridor spaces. The ventilation
system is a once-through system designed to prevent air movement from more "clean” spacesto
less"clean” spaces, eg. air should not be alowed to flow from the laboratories to the office
gpaces. For this project, the entire duct system was implemented in CONTAM. Thiswasthe
most extensive duct system ever implemented using CONTAM to date. Fan curves were
implemented in CONTAM based on manufacturer fan curve specifications.

The air balance between different zones of the facility was anadyzed under various operating
conditions of the ventilation system supply and exhaust fansincluding fume hoods to determine
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proper direction of airflow between zones. A base case was devel oped based on norma
operating conditions of the current ventilation system. This case revedled that operating
characteristics were in line with desired performance with respect to relaive space
pressurization. Other cases were developed to investigate air balance conditions when certain
fans were shut off for maintenance purposes or when a process upset condition occursin the
fadility during which corresponds to aminima exhaust-only condition. Another case involved
the modification of fume hoods in one of the laboratory spaces. Among the findings of this
project, the smulations reveded that some of the fan+off conditions could lead to undesirable
differentia pressures between clean and less-clean spaces, the process upset condition requires
more makeup air than currently available, and that the proposed fume hood modifications would
not be supported by the current duct system.

49 Smoke Management
[Ferriera 1998]

This case dudy involved the andys's of a smoke management system in alarge multi- building
complex. Fire protection engineersinvestigated the interzond airflows and pressure differences
that would be produced by the activation of zoned smoke control systems and the far-fidd
tenability conditions that might exist under various fire scenarios. One of the buildingsin the
complex was represented within CONTAM as having over 100 levels, more than 3,000 zones
and over 10,000 airflow paths connecting the zones.

CONTAM was not developed with near-fidd fire modding in mind, so the users had to develop
cregtive ways to Smulate near-field smoke transport. For example, buoyancy-induced flow due
to afire was modded by creating a contaminant zone around the fire region and implementing
fan-flow eements to smulate the celling jets caused by smoke plumes impinging on the celling.
The contaminant within the zone in this case was a generic contaminant caled "smoke.”

Naturdly, great care must be taken when implementing the modd in thisway, but the method
established proved to be quite useful to the users.

One objective of the project was to investigate the performance of azoned smoke control system
that was being planned for a part of arenovation project. CONTAM'ssmple air handling
systems were used to modd fifteen HV AC/smoke control zones containing supply and return air
handling systems, retail and food area supply and exhaust systems, kitchen exhaust systems and
smoke control systems. Many different Smulations were performed to evauate the performance
of the smoke control systems under varying HVAC and smoke system operating modes for
different fire scenarios. This andysis reveded some unexpected interactions between the smoke
control systems and the HVAC systems.

Tenability analyss was used to estimate safe refuge distances from smoke spread. Two tenability
criteria were established — one for vighility distance and ancther for carboxyhemoglobin levels.
Vishility and carboxyhemoglobin levels were ca culated based upon the concentration of smoke
and carbon monoxide, respectively, generated from a given mass of fuel burned.
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5 Publications

This section of the website contains a bibliography of gpproximately 200 multizone modeling
related publications. NIST publicetions are available for download from this website in their
entirety as postscript definition files (PDF) and can be viewed usng Adobe Acrobat® Reader.

The bibliography can be viewed online or downloaded as either a Microsoft® Word document
file, text file, or EndNote® bibliographicd library file.

6 Future Plans

This report presents the current status of the website. NIST plans to extend and continuoudly
evolve the contents to better address the needs of the building industry. The next version of the
website will include enhanced capabilities of CONTAMW, awegther file processor, more
detailed information on case sudiesincluding actual CONTAMW project files that can be
downloaded by the user, and a more detailed tutoria containing actud project files. Some
potential enhancements to CONTAMW include: implementing the ability to vary indoor zone air
temperatures according to user-defined schedules, implementing the ability to modd building
controls that would provide the capability to smulate the response of ventilation sysemsto
various changes in building conditions (e.g. change arflow ratesin response to contaminant
levels), handling norttrace contaminants to improve modeing capabilities of contaminants that
can affect the dengity of indoor ar (e.g. moisture and smoke), implementing agenerd spline
arflow dement thet will improve CONTAM's ahility to handle the smulation of natural
ventilation systems, and updating the solver to increase numerica stability and provide for the
implementation of the generd spline arflow dement. The new wesather file processor will engble
the user to create CONTAMW westher files and convert existing wesether file formats such as
TMY and WY EC into CONTAMW weather files.
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